On the minimization of the band-broadening contributions of a modern, very high pressure liquid chromatograph.
The contributions of the volume of sample injected, the mobile phase flow rate, the inner diameter of the needle seat capillary and that of the connector capillary, the heat exchanger, and the detector cell volume to the widths of bands eluted from the 1290 Infinity HPLC instrument were investigated in depth. Four sample volumes (0.16, 0.80, 4.0, and 20 μL), three flow rates (0.04, 0.4, and 4.0 mL/min), two needle seat capillary I.D. (100 mm × 115 and 140 μm), three sets of connector capillary I.D. (350 mm × 80, 115, and 140 μm placed upstream the column, and 220 mm × 80, 115, and 140 μm downstream the column), two UV detector cell volumes (0.8 and 2.4 μL), and the presence/absence of the heat exchanger (1.6 μL) between the inlet connector capillary tube and the column were combined to generate up to 4 × 3 × 2 × 3 × 2 × 2=288 system configurations for this instrument. For each configuration, 5 consecutive injections were performed in order to assess the injection-to-injection repeatability, providing 1440 elution band profiles which are analyzed. The results demonstrate that the band broadening contribution of the instrument depends mostly on the detector cell volume and on the inner diameter of the needle seat capillary tube. The impact of these two contributions is particularly important at high flow rates (4 mL/min). Best efficiencies are obtained with a small sample volume, below 1 μL, which avoids volume overload of the instrument, or with large sample volumes, which maximize the radial concentration gradients of the sample across the instrument channels, in the vicinity of the anfractuosities of the channel walls. The injection of large sample volumes reveals the imperfection of current injection systems, the performance of which is remote from the one expected to provide an ideal rectangular injection (∼+4 μL(2)). Although the present behavior of the instrument is satisfactory, serious improvements would become necessary to operate the next generation of more efficient columns that might be commercialized soon.